INTRODUCTION
An understanding of the benthic ecology of the Wadden Sea necessitates an exploration of its past. Do we have a resilient community in natural balance, a continuously changing assemblage in a hazardous environment, or a pile of organisms disturbed because of repeated human interference? Here we make an attempt to present a comparison of the two quantitative surveys, 55 years apart, on the macrofauna of subtidal shallows and channels to the east of the Island of Sylt. Inspire d by C. G. J. Petersen and urged by the declining oyster fishery, Hagmeier started in 1923 a sampling program with dredge and Petersen grab in the North Frisian Wadden Sea (Hagmeier, 1925; Hagmeier & Kandler, 1927) . His sampling scheme and data presentation does not allow a sound, statistically-backed comparison with the present, however, the magnitude of the differences suggests considerable change in species composition and abundance of macrofauna.
AREA AND METHODS
The area of investigation is part of the North Frisian Wadden Sea, east of the Island of Sylt. The subtidal benthic fauna is subject to holomarin conditions, soft sediments, and strong tidal currents while the island provides some shelter from the rough North Sea.
Grab samples were taken at 9 sites down the slope of the channel "Lister Ley" and on 2 subtidal shallows once occupied by oyster beds (Fig. 1) . Sites on the transect refer to those described by Hagmeier & K~ndler (1927, p. 32) as I, II, III, IV, VII, VIII, IX, X, XII with a depth range from 0.5 m to 18.5 m. Sites in the shallows (depth 3 m) correspond to Nos. 36 and 42 on p. 41, hereafter called "'Ellenhogen" and "Huntje".
We used a 0.1 m 2 Van Veen grab. Quantity and quality of the sediment was recorded. Further treatment of samples was done in the lab. The samples were sieved through a 1 mm meshed screen in a huge tub. The sieve content was washed into white plastic dishes to pick up the macrofauna. Numbers of more than 100 Balanus crenatus individuals were estimated, colonies of Porifera, Hydrozoa and Bryozoa were noted as present.
~ltenbogen / 4o Fig. 1 . Wadden Sea of northern Sylt (German Bight}, the 6m-isoline marks the channel system, Former oyster beds are shaded, numbers of stations are from Hagmeier & K~indler (1927}. The dotted line at the western slope of Lister Ley shows the transect with 9 sampling stations investigated in 1923-1926 and in 1980 In addition to grab samples, dredge hauls were conducted in 5 subtidal shallows including Ellenbogen and Huntje (Fig. 1) . The sites correspond to Hagmeier's & Kandler's Nos. 36, 37, 40, 41 and 42 (p. 44) . For the purpose of comparison, the dredge of both authors was rebuilt, with a blade length of 1 m and a mesh size of 6 cm. Dredge samples were treated qualitatively on board.
RESULTS

Habitat structure
In 1980, the sites revisited showed partially altered habitat conditions. In the subtidal shallows, where there were once oyster beds on a sandy bottom, half of the samples contained silty sediment due to silt-assembling mussel banks. Along the transect down the slope of Lister Ley, the same phenomenon occurred at some upper sites, while the sites in the steep part showed signs of erosion. Stones, shell gravel and coarse grained sand occurred. A Zostera marina bed, once in the shallow upper part of the transect, was absent in 1980 and so were reefs of the tube-building polychaete Sabellaria spinulosa on the lower slope (Fig. 2 Ley, a comparison between 1923 Ley, a comparison between -1926 Ley, a comparison between and 1980 . Block-diagrams above correspond to site 36 and the two below to the dotted transect in Fig. 1 Overall shifts in abundance and species composition
Most striking is an increase in individuals per area (Fig. 3a) . Only two of the sites investigated -both occupied by Sabellaria reefs in 1923-26 -show a decline. Balanus crenatus and Mytilus edulis contributed most to high abundances in 1980. However, even without these two, abundance was generally higher in 1980 because of more polychaetes. Ranking of the 8 most abundant species reveals notable changes in dominance since the 1920s (Table 1) . Only two species remained in the top ranks until 1980. B. crenatus was able to take advantage of the increased offer of secondary, hard substrate provided by mussel shells. All amphipods abundant during the years 1923-26 were associated with Sabellaria reefs and the Zostera bed. Most of the sites investigated show higher species density in 1980, mainly caused by polychaetes (Pig. 3b). The only sites with a reverse trend are those of former Sabellaria reefs and Zostera beds, where a formerly rich epifauna has gone.
While abundance and species density increased at most sites, the total number of species seems to have remained stable. Hagmeier & K~indler (1927) recorded 54 species gathered from 22 grab samples and 5 dredge hauls. We found 89 species in 123 grabs Since the 1920s, the benthos on the slope of Lister Ley has changed considerably (Fig. 2, Table 2 ). In the Zostera bed on the upper part of the slope, Hagmeier & K~indler found dense populations of amphipods, snails and young starfish. Endobenthic bivalves settled all along the slope. Sabellaria reefs on the lower slope were populated by polychaetes, amphipods and cnidarians. In 1980, h/Iytilus edulis occupied the upper half of the slope, while Balanus crenatus and many polychaetes were abundant along the entire range. Dense patches of Cerastoderma edule were observed at the three uppermost sites.
While Mollusca and Crustacea have decreased in species number and diversity since the 1920s, Polychaeta have increased (Table 3) . Each site on its own shows little similarity in 1980 to the faunal composition recorded by Hagmeier & K~indler (Fig. 4) . Few species common to both investigations were found. Sites with a high number of species in 1923-26 (sites 1, 2, 7, 8) were the grass bed and the reefs. Sites with a high number of species in 1980 are dominated by h4. edulis (sites 2 and 6). In Figure 4 , dendrograms at sites 1, 7 and 8 separate the sample obtained by Hagmeier & K~ndler from all recent ones. At the other sites, some degree of similarity is brought about mainly by spatial heterogeneity. Rather than having species in common, samples within subgroups lack many species otherwise present.
Past oyster beds -mussel banks today
The constancy of large epibenthic species was estimated from dredge hauls (Table  4) . Of the 5 species abundant in 1923-26 but absent in 1980, Lepidochitona cinerea and Psammechinus miliaris are known to be still present in the area, while the other three are probably gone. A definite increase is substantiated for Mytilus edulisand Conopeum reticulum. The latter was mentioned by Hagmeier & Kandler for some areas south of Sylt only. Large sized predators and scavengers do not seem to be affected in their constancy by the changed composition in the benthic community.
Most of the former oyster beds are covered by clusters of mussels today. As a consequence, grab samples taken during 1924-26 and those in 1980 contain quite different sets of species or at least different abundances where the same species did persist (Table 5) . Ostrea edulis has vanished from the area. It was abundant prior to 1874 when yields of the oyster fishery dropped dramatically (M6bius, 1893; Hagmeier & Kandler, 1927 ), remaining at a low level over a period of 50 years; and since 1925, oyster fishing became so unprofitable that it was finally abandoned (Reise, 1980) . To our knowledge, no live specimen has been dredged during the last 30 years.
While mussels are a permanent component of the subtidal benthos, the population of Cerastoderma edule at Ellenbogen did not persist. Many were already tied together by byssus threads of M. edulis which settled on top of the cockles. One year later, in 1981, C. edule was rare at the site but empty shells were abundant within clusters of mussels. 
Mytilus edulis L.
P o l y c h a e t a Sabellaria spinulosa Leuckart
Nephtys caeca (P.) + hombergii S. 1923-1926 and 1980 for 9 sites at the slope of Lister Ley. Dendrograms depict similarity between our sets of 7 samples ( • ) and the single ones taken by Hagmeier & K~indler (o) , calculated from presence-absence data according to Williams et al. (1966) . The scale is given to the right. Vertical bars along the transect present numbers of species in both surveys and those occurring only once (see explanations to the right). For comparison with the single samples of the first survey, we included all species occurring in at least 3 out of 7 samples W i t h r e g a r d to p o l y c h a e t e s , o n l y f e w s p e c i e s w e r e m o r e a b u n d a n t in t h e e a r l y survey. In i980, n u m b e r s of s m a l l as w e l l as l a r g e s i z e d s p e c i e s (i. e. P o l y n o i d a e , N e r e i s v i r e n s ) w e r e c o n s i d e r a b l y h i g h e r . M a n y of t h e m b e i n g a b u n d a n t on t h e a d j a c e n t tidal fiats too. In C r u s t a c e a , i n c r e a s e d n u m b e r s of b a r n a c l e s r e p r e s e n t t h e m a j o r d i f f e r e n c e b e t w e e n the s u r v e y s . In l a r g e -s i z e d d e c a p o d s no c h a n g e s are a p p a r e n t . H i g h n u m b e r s of (Fleming) Taelia felina (L.) Laomedea longissima (Pallas) Laomedea flexuosa Alder Alcyonidium polyoum (H~issall) Conopeum reticulum (L.) Tubificoides benedeni (Udekem) 3 17 32 27 1 these species include juveniles in both sets of samples. The herbivor Hyas araneus was absent from the grab samples during 1924-26 but occurred in almost all dredges at that time.
Because of all these differences in species composition and species abundance, numerical parameters of the benthic assemblage also changed from the early survey to the recent one (Table 6 ). In all major taxa reported the total number of individuals increased, and in polychaetes species richness is much higher in 1980. Diversity and evenness decreased in Mollusca and Crustacea, while in Polychaeta there was an increase in diversity at Ellenbogen. Table 6 . Numerical characteristics of major taxa occurring at Ellenbogen (E) and Huntje (H) during the period 1924-1926 and in 1980 . Number of species refer to 9 grabs at E and 4 grabs at H. See also Species associated with mussels
Mytilus edulis gave the past oyster beds their new structure. Clusters of mussels accumulate silt, provide shelter for other species and surfaces for epigrowth. At the sites Ellenbogen and Huntje, 60 grab samples were taken in 1980 containing variable amounts of mussels. Out of the 12 most frequently sampled species, 7 are positively correlated with the number of mussels present (Table 7) . B. crenatus is an abundant epigrowth on mussels, while polychaetes will profit from shelter and accumulated silt. There is a significant positive correlation of the total number of polychaetes, the number of polychaete species and their diversity with mussel density. Thus, the considerable increase in polychaetes since the survey of 1923-26 may be a consequence of the spread in M. edulis. However, not all polychaete species abundant in 1980 are correlated with mussel density and the genus Nephtys shows a negative correlation.
DISCUSSION
On comparing the results of the two surveys, a trend towards a massive long-term increase of the mussel banks and associated species, particularly polychaetes and To what extent may the claimed long-term differences result from artifacts or unequal sampling efficiency? For dredging we used exactly the same device as Hagmeier & K~indler (1927) did, trawling for 10 rain and about 1000 m. Although Hagmeier & K~indler present numbers of individuals encountered in a trawl assumed to be "typical" for a given site, we confined our comparison to presence-absence data. Thus, efficiency in catching large epibenthic invertebrates is not considered to be different in the two surveys.
Instead of using a Petersen grab as Hagmeier & K/~ndler did, we had to use a Van Veen grab of the same size. Particularly on sandy bottoms the latter collects more sediment and the biting profiles are slightly different (Gallardo, 1965; Ziegelmeier, 1968) . However, currents, waves, and experience in handling the grab are variables of equal importance. On average, 5 1 of sediment were obtained with both grabs, and where a sample contained less it was rejected. The mesh of sieves was equal but the sorting procedures differed. Hagmeier & K~indler picked up the organisms directly out of the sieves. Because this takes some time, slender worms have a good chance to escape. In 1980 we did the sorting in dishes at the lab and thus probably worked with higher efficiency regarding some polychaetes such as Spionidae, Capitellidae and Orbiniidae. On the other hand, differences in sorting efficiency cannot account for an increase in such large sized polychaetes as Lepidonotus squamatus, Harmothoe spp., Eulafia viridis and Nereis virens. While improved sorting affects our estimates on polychaete abundance, it will hardly alter the number of species encountered, as we do not report on species smaller than those listed by Hagmeier & K~ndler. Severe winters are known to have lasting effects on benthic macrofauna in the North Sea (Smidt, 1944; Ziegelmeier, 1964 Ziegelmeier, , 1970 D6rjes, 1980; Reichert & D6rjes, 1980; Buhr, 1981) . Ziegelmeier (1978) noted a general shift from dominance of molluscs to domi-nance of polychaetes in the years following a very cold winter. As such a shift is claimed to be one of the major long-term trends in the present study, the sequence of severe winters throughout the period of concern is worth recording : 1923/24, 1928/29, 1939/40, 1940/41, 1941/42, 1946/47, 1955/56, 1962/63, 1969/70 and 1978/79 . There is no trend in frequency or amplitude, and both surveys are conducted subsequent to a particularly cold winter. Thus, winter effects cannot account for the differences observed but the possibility of population fluctuations triggered off by other environmental factors in the course of decades cannot be ruled out. Unfortunately, we have no reliable long-term data on physical factors in the study area. More frequent surveys in the future are needed to test our conclusions.
Are all the proposed long-term changes ultimately caused by human interference? Oyster beds, once common in the shallow parts of the North Sea are absent from the German Bight today. There has been some debate as to the actual cause of the decline (MSbius, 1877; Hagmeier & K~ndler, 1927 ) but more recent accounts on the subject leave little doubt that overexploitation by oyster fishery is responsible for the extinction of Ostrea edulis in the area considered here (Linke, 1937; Korringa, 1980; Reise, 1980 Reise, , 1982 .
In the Wadden Sea, oyster beds were intermediate in the vertical distribution between mussel banks above and Sabellaria reefs below, and both tended to invade the oyster beds (Hagmeier & K~ndler, 1927; Linke, 1937) . At Sylt, the entire range of the former oyster beds is now occupied by mussel banks. It is not known whether this occurred with or without the aid of the mussel fishery. In any case, since the 1950s subtidal banks have been stocked with spat, dredged from tidal flats. Today, there are more extensive banks even in the intertidal zone at Sylt than were recorded in 1934 by Wohlenberg (1937) . The intertidal banks are of no interest to sea fisheries. There may very well be a natural component in the spread of Mytilus edulis but fisheries certainly promoted this trend.
Sabellaria reefs are completely lost to the area. Local fishermen claim to have ground them with heavy gear because the reefs ripped apart the nets when fishing for shrimp. There is no other evidence. The loss of an extensive subtidal seagrass bed of the large growth form of Zostera marina L. during the general epidemic seagrass disease ) is regarded as a natural event (Wohlenberg, 1935; Den Hartog, 1970) . As in the Dutch western Wadden Sea, Z. marina failed to reestablish itself in the subtidal zone of our study area. Van den Hoek et al. (1979) suppose that increased turbidity following the closure of the Zuiderzee in 1932 prevented recolonization in the Dutch western Wadden Sea. For the Sylt area, we have no data on turbidity but dams connecting the Island of Sylt (since 1927) and the Island of Romo (since 1948) with the mainland are likely to have similar effects as the closure of the Zuiderzee. Taken together, there is little doubt that all major habitat shifts were caused, promoted or made permanent by human interference.
In recent years, a number of species immigrated into the tidal flats of the Wadden Sea (reviewed by Michaelis, 1978 Michaelis, , 1981 without any apparent environmental cause, i.e. at Sylt Tharyx marioni (Saint-Joseph), Spio filicornis (0. F. Miiller) and Chelon lambrosus (Risso). Recent gains and losses of species in the Wadden Sea give no evidence of any directional change in climate.
Long-term comparisons similar to the present study have been conducted by Ceder-wall & Elmgren (1980) and Persson (1981) in the Baltic Sea. They noted a considerable increase in the biomass of benthic macrofauna which the former attribute to recent eutrophication while the latter assumes decreased predation pressure following exploitation of flatfish. Also at Sylt, an increase in biomass must be assumed as a consequence of increased abundance in such large species as Mytilus edulis and Nereis virens. In this area, however, we assume the spread of mussel banks promoted by fisheries to be the principle cause of increased biomass. Predators on bivalves (Carcinus maenas, Asterios rubens) do not seem to be less abundant today than 55 years ago.
It is well known that most terrestrial communities have been severely altered by man's impact. Here we point out that the same applies to the coastal sea. The present assemblage of organisms is not the pure outcome of a natural chain of events. Thus, there is no reason to expect a stable balance between trophic levels, brought about by coevolution. The present state is apt to continuous change not only because of man's continued interference but because the relative abundances are to a high degree artificial.
